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The Cosmic Frontier 

•  Dark Energy 
– DES/JDEM (J. Estrada) 

•  Dark Matter 
– CDMS/COUPP/DarkSide 

Standard Model  
~ 4% 

Dark Matter  
(Cold, Non-Baryonic)  

~ 23% 
Dark Energy 

(p≅ρ-1) 

~ 73% 
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The Dark Matter Problem 
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Direct Detection of Dark Matter 
•  Searching for WIMP-Nucleus elastic 

scattering 
•  In a sea of background radiation 

– Backgrounds, backgrounds, backgrounds… 

1 GeV – 10 TeV 
~200 km/s 
σ < 10-44 cm2 

10s keV recoil 
< 0.01 event / kg / day 
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Direct Detection Techniques 

CDMS, Edelweiss CRESST 

COUPP, PICASSO 

XENON, LUX, WARP, 
DarkSide, ZEPPLIN 

CoGeNT, TEXONO, 
DRIFT, DMTPC 

DAMA, KIMS, DEAP, 
CLEAN, XMASS 

~10 meV/phonon 

~100 eV/photon ~10 eV/carrier pair 
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Dark Matter in PASAG 
•  SuperCDMS-Soudan is supported in order to prove 

the detector technology for SuperCDMS-SNOLAB  
•  The 100 kg SuperCDMS experiment in SNOLAB is 

specifically recommended in all budget scenarios 
•  The 500 kg COUPP bubble chamber construction is 

recommended in all budget scenarios 
•  An effort in depleted Argon is supported in all budget 

scenarios 
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The Cryogenic Dark Matter 
Search 

California Institute of Technology 
Z. Ahmed, J. Filippini, S.R. Golwala, D. Moore, R.W. Ogburn 

Case Western Reserve University 
D. Akerib,  C.N. Bailey,  M.R. Dragowsky,  
D.R. Grant, R. Hennings-Yeomans 

Fermi National Accelerator Laboratory 
D. A. Bauer,  F. DeJongh,  J. Hall,  D. Holmgren,  
L. Hsu,  E. Ramberg,  R.L. Schmitt,  J. Yoo 

Massachusetts Institute of Technology 
E. Figueroa-Feliciano,  S. Hertel,  
S.W. Leman,  K.A. McCarthy,  P. Wikus 

NIST * 
K. Irwin 

Queen’s University 
P. Di Stefano *,  N. Fatemighomi *,  J. Fox *,  
S. Liu *, P. Nadeau *, W. Rau  

Santa Clara University 
B. A. Young 

Southern Methodist University 
J. Cooley 

SLAC/KIPAC * 
E. do Couto e Silva,  G.G. Godrey,  J. Hasi,  
C. J. Kenney,  P. C. Kim,  R. Resch,  J.G. Weisend 

Stanford University 
P.L. Brink,  B. Cabrera, M. Cherry *,  
L. Novak,  M. Pyle,  A. Tomada,  S. Yellin 

Syracuse University 
M. Kos,  M. Kiveni,  R. W. Schnee 

Texas A&M 
J. Erikson *, R. Mahapatra, M. Platt * 

University of California, Berkeley 
M. Daal, N. Mirabolfathi, A. Phipps, B. Sadoulet,  
D. Seitz,  B. Serfass,  K.M. Sundqvist 

University of California, Santa Barbara 
R. Bunker,  D.O. Caldwell,  H. Nelson,  J. Sander 

University of Colorado Denver 
B.A. Hines,  M.E. Huber 

University of Florida 
T. Saab,  D. Balakishiyeva,  B. Welliver * 

University of Minnesota 
J. Beaty,  P. Cushman,  S. Fallows,  M. Fritts,  
O. Kamaev,  V. Mandic,  X. Qiu,  A. Reisetter,  J. Zhang 

University of Zurich 
S. Arrenberg,  T. Bruch,  L. Baudis,  M. Tarka 
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The CDMS Experiment 

CDMSII at Soudan:  

Five Towers (30 
ZIPS) 

operating since 
June ‘06 

1 µ tungsten 380µ x 60µ 
aluminum fins 

Z-sensitive 
Ionization 
and Phonon 
detectors 

Soudan Mine 
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Fermilab CDMS Group 

•  Leadership roles in 
– Cryogenics (D. Bauer, R. Schmitt, T. Tope) 
– Analysis (J.Hall, D. Holmgren, L. Hsu, J. Yoo) 
– Operations (D. Bauer) 
– Electronics (F. DeJongh, J. Hall, S. Hansen) 
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CDMS Sensitivity 
•  2 events with an 

exposure of 200 kg 
days 

•  Low expected 
background of 0.9 
events 

•  Leading the world in 
sensitivity to spin-
independent WIMP-
nucleus elastic 
scattering 
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Recent CDMS Results 
•  Dark Matter Search Results from the CDMS II 

Experiment 
–  Science 10.1126/science.1186112 (2010) 

•  Analysis of the Low-Energy Electron-Recoil Spectrum of 
the CDMS Experiment 
–  Physical Review D 81, 042002 (2010) 

•  Search for Axions with the CDMS Experiment 
–  Physical Review Letters 103, 141802 (2009) 

•  Search for Weakly Interacting Massive Particles with the 
First Five-Tower Data from the Cryogenic Dark Matter 
Search at the Soudan Underground Laboratory 
–  Physical Review Letters 102, 011301 (2009) 
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CDMS Technology Breakthrough 
•  New symmetric detectors (iZIP) have demonstrated a 

background rejection improvement of more than an order of 
magnitude (ton scale CDMS style experiment now feasible) 

•  First production of iZIPs now ongoing 
•  Trial run this summer in Soudan facility 
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COUPP 
University of Chicago 

J. Collar, C.E. Dahl, D. Fustin, M. Szydagis 

Indiana University South Bend 
E. Behnke,  J. Behnke, J.H. Hinnefeld, I. Levine, A. 

Palenchar, T. Shepard, B. Sweeney 

Fermi National Accelerator Laboratory 
S. Brice,  D. Broemmelsiek, P. Cooper, M. Crisler,      

J. Hall, M. Hu, E. Ramberg, A. Sonnenschein 
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COUPP Technique 
•  Superheated CF3I 

target 

•  Particle interactions 
nucleate bubbles 

•  Cameras capture 
bubbles 

•  Chamber 
recompresses after 
each event 

Spin-dep 

Spin-indep 

Water 
(buffer) 

Propylene Glycol 
(hydraulic fluid) 

CF3I 
(target) 

to piston / pump 
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Fermilab Role in COUPP 

•  Operations (A. Sonnenschein) 
•  MINOS Near Hall Logistics (E. Ramberg) 
•  Analysis (S. Brice, J. Hall) 
•  DAQ (D. Broemmelsiek, P. Cooper) 
•  R&D (M. Crisler) 
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COUPP Results 

•  Blue line –
Science 
319:933-936 (2008) 

•  Red line –   
latest result see the 
Joint Experimental-
Theoretical Seminar 
today at 4 pm 

•  Latest results limited 
by cosmic radiation 
in the MINOS near 
hall 

PRELIMINARY 
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COUPP Technological Advance 
•  Hints that new ultrasound transducers reduce the 

backgrounds by 2-3 orders of magnitude  

PRELIMINARY 
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COUPP Program 
•  Implementing a rapid 

scaling of detector mass 
•  As smaller detectors are 

run to develop an 
understanding of 
backgrounds 

•  A 60 kg dark matter bubble 
chamber has been 
constructed and is ready 
for deployment in the 
MINOS near hall to develop 
robust remote operations 

•  A 500 kg chamber is under 
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Darkside 
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Why Depleted Argon? 
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Darkside Concept 
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Fermilab Darkside Role 
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Conclusions 

•  Fermilab is the leading national laboratory in the 
dark matter efforts of the Cosmic Frontier 
–  CDMS is leading the field in spin-independent dark 

matter scattering sensitivity 
–  COUPP is leading the field in spin-dependent dark 

matter scattering sensitivity 
–  DarkSide and and the development of depleted Argon 

have the potential of changing the direction of the field 
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